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Objective To detect maternal deaths, analyse associated causes and
compute absolute and specific maternal mortality ratio among five
Italian regions in response to a recent ranking of Italy by the
Lancet as having the lowest maternal mortality ratio among
181 countries.
Design Record-linkage study.
Setting Five Italian regions.
Population All women aged 15–49 years resident in the
participating regions, with one or more hospitalisations
for pregnancy or any pregnancy outcome between 2000 and
2007.
Methods Maternal deaths have been identified by record linkage
between the Death Registry and the Hospital Discharge Database.
Different time periods were analysed according to local data
availability. Cases have been selected and causes of death have
been classified according to the 10th International Classification of
Diseases.
Main outcome measure Maternal mortality ratio.
Results Underreporting of official figures based on death
certification in the participating regions is 63%. A total of 118
maternal deaths have been identified resulting in a maternal
mortality ratio of 11.8, compared with the official figure of 4.4,
per 100 000 live births. Haemorrhage, thromboembolism, and
hypertensive disorders of pregnancy are the leading causes of
direct deaths.
Conclusions This study implies that only 37% of all maternal
deaths are included in the official data. Our analysis shows a
predominance of direct obstetric deaths, which implies that
emphasis is needed on improvements of obstetric care.
Keywords Italy, maternal mortality.
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Introduction
Maternal mortality—the death of women while pregnant or
within 42 days of termination of pregnancy, irrespective of
the duration and the site of the pregnancy, from any cause
related to or aggravated by the pregnancy or its manage-
ment but not from accidental or incidental causes1—
represents a dramatic event and is used as an indicator of
the general health and development conditions of a country.
It is considered a major marker of the performance of
health systems,2,3 reflecting access to and quality of prenatal
and obstetric care, as well as the health status of women in
reproductive age.
In 2010, the WHO and UNICEF revised the estimates
for the year 2008 and reported that approximately 358 000
women die worldwide from maternal mortality: 87% in
Africa and Asia.4 Even in developed countries, the situation
is not as satisfactory as believed because mortality ratios
based only on maternal deaths reported on death certifi-
cates are an underestimate of the true numbers.5,6 The
WHO maternal mortality ratio (MMR) for Europe in 2008
was 16 per 100 000 live-born children.4 Recently, new esti-
mates have been published reporting a promising reduction
in the MMR among 181 countries worldwide.7 In this report
Italy ranked first with the lowest ratio, 3.9 per 100 000 live
births. This supremacy calls into question the validity of
official national figures based on death certification alone.
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Maternal medicine
Moreover, the validity of comparisons among countries
should take account of the different sources of information,
methods of data collection and definitions.
Official figures based on death certification alone
revealed consistent underreporting (50% or more) in sev-
eral developed countries.5,7 Comprehensive identification of
maternal deaths can be accomplished only by collecting
information from multiple data sources. Improvement of
ascertainment (completeness of registration) has been stud-
ied thoroughly and includes several strategies: record link-
age (births, deaths and induced abortions), a pregnancy
check box on the death certificate, and an informant net-
work.4,5 It is revealing that the countries that have
enhanced their system of identifying maternal deaths
also have relatively medium to high levels of maternal
mortality.8–10
In Italy, the ascertainment of maternal deaths occurs
through national death certificates collected by the Italian
National Statistics Office (ISTAT), although this source of
information does not identify as many deaths as active sur-
veillance would do. Table 1 shows MMR obtained by
ISTAT for the years 1998–2003 and 2006/07 for Italy.
Causes of death for the years 2004/05 are not available.
Therefore, although MMR decreased in our country
from 133/100 000 in 1955 to 13/100 000 in 1980, and
3/100 000 in the period 1998–2007 according to ISTAT,11–13
the situation cannot be as satisfactory as is believed, because
death records alone may identify only a fraction of all
maternal deaths.
Therefore, the Italian National Institute of Health (Istitu-
to Superiore di Sanita`) implemented a research project in
collaboration with five Italian regions of northern, central
and southern Italy to detect and quantify the underreport-
ing of maternal mortality.
The purposes of this study are to detect all maternal
deaths, analyse the associated causes, and compute absolute
and specific MMR among participating Italian regions.
Methods
A retrospective study was conducted in five Italian regions
using record linkage. Different time periods were analysed
by participating regions according to local data availability.
The annual number of births (‡35 000) and years of
data availability (‡3), as well as geographical location, were
the regional inclusion criteria to guarantee MMR computa-
tion and ensure coverage of all geographical areas of the
country.
The five selected regions are located in northern
(Piedmont and Emilia Romagna), central (Tuscany and
Lazio) and southern (Sicily) Italy. The women of reproduc-
tive age resident in these regions represent 38% of all resi-
dent Italian women aged 15–49 years.
The study population is all women aged 15–49 years
resident in the participating regions, with one or more
hospitalisations for pregnancy or any pregnancy outcome
(spontaneous abortion, induced abortion, ectopic preg-
nancy, stillbirth or live births).
To identify maternal deaths, data were collected from
the following sources: the official cause of death registry
and the hospital discharge database (ICD9 CM 630–677).
Because of possible hospital discharge database misclassifi-
cation, Obstetric Diagnosis-Related Groups (DRG 370–384)
have been used to verify the selection of the cases from the
hospital discharge database.
Cases have been selected according to the 10th Interna-
tional Classification of Diseases (ICD10) definitions for
maternal death and late maternal deaths as follows:1
• Maternal death: the death of a women while pregnant or
within 42 days of termination of pregnancy, irrespective
of the duration and the site of the pregnancy, from any
cause related to or aggravated by the pregnancy or its
management, but not from accidental or incidental
causes.
• Late maternal death: the death of a woman from direct
or indirect obstetric causes more than 42 days but
<1 year after termination of pregnancy.
Death certificates for women who died aged 15–49 years
have been linked to the hospital discharge database for
reportable pregnancy outcomes that occurred within the
preceding year, identifying the women who had been preg-
nant before their deaths. Women were identified by select-
ing every hospital discharge database reporting one or
more protocol diagnoses or procedure codes.
Any woman who died within 365 days from any preg-
nancy outcome and who was identified through the
Table 1. Italian maternal mortality ratios obtained from death
certificates: years 1998–2003 and 2006/07
Year Live births
among resident
women
Deaths among
resident
women
MMR per
100 000
live births
1998 525 249 17 3.2
1999 537 063 12 2.2
2000 542 865 15 2.8
2001 535 188 10 1.9
2002 538 131 15 2.9
2003 543 982 25 4.6
2006 552 253 9 1.6
2007 555 320 11 2.0
Source: ISTAT.
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record-linkage procedure or only by the death certificate or
only by the hospital discharge database has been selected.
The interval time of 365 days was calculated by referring to
the last hospital admission in pregnancy.
Selected cases have been classified as maternal deaths
(occurring within 42 days of termination of pregnancy)
and late deaths (occurring from 43 to 365 days of termi-
nation of pregnancy) according to this computed time
interval.
According to causes of death (initial, intermediate, final,
violent) listed on the mortality certificates, the cases
selected have been classified in accordance with the ICD10
classification1 as follows:
• Direct obstetric deaths: deaths resulting from obstetric
complications of the pregnant state (pregnancy, labour
and puerperium), from interventions, omissions, incor-
rect treatment, or from a chain of events resulting from
any of the above.
• Indirect obstetric deaths: deaths resulting from previous
existing disease or disease that developed during preg-
nancy and which was not due to direct obstetric causes,
but which was aggravated by the physiologic effects of
pregnancy.
• Pregnancy-related deaths: the death of a woman while
pregnant or within 42 days of termination of pregnancy,
irrespective of the cause of death.
The attribution of the underlying cause of death has been
decided by a clinician at regional level and by a group of
experts at the Italian National Institute of Health. Addi-
tional procedures were also used, such as the check of mul-
tiple diagnoses in the case of more than one hospitalisation
of the woman, and the retrieval and analysis of medical
records.
Crude and age standardised MMR within 42 days and
from 43 to 365 days were calculated. Direct standardisation
was performed using the total births in the participating
regions as the reference group.
Stratified MMR by woman’s age and mode of delivery
according to the core Peristat indicators were computed.14
The MMR were also stratified by woman’s nationality and,
only for the Lazio region, by level of education. Relative
risks (RR) and 95% confidence intervals have been calcu-
lated for stratified MMR. ISTAT demographic balance for
live births was used for MMR denominators computation.
The number of births to be used for the denominator of
the stratified ratio was estimated from the women’s hospi-
tal discharge database.
The data were analysed using the Statistical Package,
SPSS version 17.0 (IBM Corporation, Somers, NY, USA).
Results
During the period 2000–07 according to regional data
availability, a total of 260 maternal deaths was identified.
Of these, 118 (45%) occurred £42 days from pregnancy
outcome and 142 (55%) between 43 and 365 days. The
total number of live births for the observed years among
the participating regions was 1 001 292.
During the same period no maternal deaths were
detected in the participating regions in women aged <15
and >49 years. Out of 1 001 292 total births in the partici-
pating regions, 12 births (0.001%) occurred in women
younger than 15 years and 160 births (0.02%) in women
older than 49 years.
Out-of-hospital births in Italy are almost zero, being
0.049% of all births according to the latest available birth
certificates.15
Table 2 presents maternal mortality ratios by region.
Compared with the MMR of 3 per 100 000 live births
reported by ISTAT for Italy and to the MMR of 3.9 per
100 000 live births estimated in Lancet by Hogan et al.,7
the revised computed MMR was 11.8 per 100 000. Regional
revised ratios were between two and seven times higher,
depending on the region. By computing the maternal deaths
detected only on the death certificates in the participating
Table 2. Maternal mortality ratios £42 days by region obtained from record linkage
Region Years Number of
live births*
Number of
maternal deaths
MMR per
100 000 live births
Age standardised MMR**
Piedmont 2000–02 106 447 10 9.4 10.2
Emilia-Romagna 2001–07 262 138 20 7.6 7.6
Tuscany 2001–06 181 449 12 6.6 6.4
Lazio 2001–05 249 613 32 12.8 12.2
Sicily 2004–07 201 645 44 21.8 24.1
Total Available years 1 001 292 118 11.8 11.8
*Source: ISTAT demographic balance for live births.
**Standard population: total live births in participating regions. Source: Delivery Hospital Discharge Database.
Donati et al.
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regions the total crude MMR was 4.4 per 100 000 live
births. Therefore, comparing the record-linkage MMR with
the regions’ MMR detected through the death registry,
underestimation was 63%. The age-standardised MMR
ranged from 6.4 in Tuscany to 24.1 in Sicily with lowest
values in the regions of northern Italy compared with those
of the Centre and the South.
The total direct mortality ratio for participating regions
was 7.8 per 100 000 live births with differences among geo-
graphical areas: 3.8 in Emilia Romagna, 4.4 in Tuscany,
4.7 in Piedmont, 8.0 in Lazio, and 17.4 in Sicily.
The maternal mortality ratios by maternal age are
presented in Table 3. An increased risk (RR = 1.8;
95% CI 1.2–2.6) was observed among women aged ‡35
years compared with younger women. Figure 1 shows
MMR by mother’s age groups (R2 = 0.924). The graph
shows a seven-fold rise in risk of dying between women
£20 years and women ‡40 years of age and a more than
three-fold rise between the 30–34-year age class and the
‡40-year age class.
Specific MMR by type of delivery was higher among
women who delivered by caesarean section (12.8 per
100 000) than among those who had a vaginal birth (4 per
100 000) with a RR of 3.0 (95% CI 1.9–4.8).
We also computed the maternal mortality ratio by
mother’s citizenship. The MMR among immigrant women
was higher (13.8) than that of Italian women (11.4) with a
RR of 1.2 (95% CI 0.7–2.1).
Unfortunately statistics for mother’s educational level
(defined as low for £8 years of education and high for
>9 years of education) were available only from Lazio and
Piedmont. In these regions, MMRs for women with low
educational level were respectively 16.8 and 13.5 compared
with 8.8 and 8.7 per 100 000 for women with high educa-
tional level with a RR = 1.9 (95% CI 1.1–3.6).
Among the 118 maternal deaths, 51 (43%) were classi-
fied as direct, 40 (34%) as indirect and 27 (23%) were of
unknown cause and therefore not classifiable. Fifteen have
been classified as related deaths and comprise nine acci-
dents, four car accidents and two murders. The causes of
direct and indirect maternal deaths before 42 days are
shown in Figures 2 and 3. The leading causes of direct
deaths were obstetric haemorrhage (29 deaths, 57%),
thromboembolism (11 deaths, 21%) and hypertensive dis-
order of pregnancy (five deaths, 10%). Obstetric haemor-
rhage being almost three times as frequent as the next
common cause. Deaths related to haemorrhage comprised
eight cases of postpartum uterine atony, five cases of pla-
cental abruption, four cases of placenta praevia, two cases
of ectopic pregnancy, two cases of postpartum coagulation
defects and eight cases of unknown cause. The leading
causes of indirect deaths occurring before 42 days from
pregnancy outcome were cerebral–vascular disorders (28%,
11 deaths), cardiovascular disorders (30%, 12 deaths) and
neoplasm (20%, eight deaths).
The MMR for late obstetric deaths occurring between 43
and 365 days from pregnancy outcome, was 14.2 with small
differences among geographical areas and regions ranging
from 10.5 in Tuscany to 16.4 in Lazio (Table 4).
Among 142 identified late obstetrical deaths the vast
majority (89%, 127 deaths) were indirect, seven were direct
and eight had unknown cause. The leading causes of late
indirect deaths were neoplasm (46%, 58 deaths), suicide
Table 3. Maternal mortality ratios £42 days by region and woman’s age
Region Years Number of
live births*
Number of
maternal deaths
MMR per 100 000
live births
Relative risk
(95% CI)
<35 years ‡35 years <35 years ‡35 years <35 years ‡35 years
Piedmont 2000–02 80 747 22 758 5 5 6.2 22 3.5 (1.00–12)
Emilia-Romagna 2001–07 187 851 69 642 13 7 6.9 10.1 1.5 (0.6–3.8)
Tuscany 2001–06 129 509 50 208 7 5 5.4 10.0 1.9 (0.6–5.9)
Lazio 2001–05 187 187 70 737 18 14 9.6 19.8 2.1 (1.0–4.3)
Sicily 2004–07 156 572 40 704 30 14 19.2 34.4 1.8 (1.0–3.4)
Total Available years 741 866 254 049 73 45 9.8 17.7 1.8 (1.2–2.6)
Source: Delivery Hospital Discharge Database
R2 = 0.924
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Figure 1. Maternal mortality ratios by age groups.
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(15%, 19 deaths), cerebral disorders (14%, 18 deaths) and
cardiovascular disorders (12%, 15 deaths).
Discussion
Maternal death is an officially notifiable event and data
reported by ISTAT have been used for international com-
parisons of MMR,7 but are not sufficiently accurate.
Our study shows that maternal deaths are underreported
in the official ISTAT statistics by 63% even though Italian
death certificates since 2002 contain a dedicated ‘pregnancy
box’.
Reports from other developed countries have shown
ratios of maternal death from 7 to 12 per 100 000. How-
ever, the methods registering maternal mortality vary
greatly5,8–10,16,17 and because of substantial differences in
the methods used for enhancing identification and classifi-
cation of deaths, comparisons of the resulting statistics are
still problematic.
In France underreporting was estimated to be 22%,18 in
Finland 67%,18 and in the Netherlands 26%.19 Computed
MMRs vary considerably across Italian regions (Table 2),
with the highest values in Lazio and Sicily. The expected
increase in pregnancy-related mortality among older
women (Table 3), as well as the reported disparity between
immigrant and Italian women, were confirmed in this
study, suggesting that our data accurately reflect preg-
nancy-related mortality profiles.9,20 As more women delay
childbearing in Italy, where the proportion of delivering
women ‡35 years rose from 9% in 1981 to 29% in 2007,21
the increased risks associated with pregnancy among older
women become a serious problem for the health system.
An increase in the proportion of immigrant women of
reproductive age was also registered in the last 15 years in
Italy.22 In 1986 newborns from immigrant parents in Italy
were 1% of total births, in 1996 4.5%, and in 2010 more
than 10% of total births. The total fertility rate was 2.1 for
immigrant women and 1.3 for Italian women, in 2008.22
In our study women who underwent a caesarean section
had a RR of 3.2 (95% CI 2.0–5.1) compared with those
who delivered vaginally, which is in agreement with data
from other European countries.9,23 Unfortunately, although
the data made it possible to distinguish spontaneous vagi-
nal births and caesarean sections, the reasons for the cae-
sarean section could not be identified. In particular it is
not known if they had been performed because of a poten-
tially life-threatening maternal condition. Nevertheless, cae-
sarean section is an independent risk factor for maternal
mortality as compared with vaginal delivery, even when
performed before labour23 and it can influence the chain of
events leading to death. Moreover, Italy has the highest
29 (57%)
11 (21%)
5 (10%)
3 (6%) 2 (4%)
1 (2%)
Obstetric haemorrhage
Thromboembolism
Hypertensive disorders of pregnancy
Infection/sepsis
Amniotic fluid embolism
Unknown cause
Direct deaths = 51
Figure 2. Distribution of causes of direct maternal deaths (£42 days).
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1(2.5%)
3 (7.5%)
Cerebral disorders
Cardiovascular disorders
Neoplasm
Suicide
Miscellaneous
Drug addiction
Infection/sepsis
Unknown cause
Indirect deaths = 40
Figure 3. Distribution of causes of indirect maternal deaths (£42 days).
Table 4. Late maternal mortality ratios by region obtained from the record linkage
Region Years Number of
live births*
Number of late
maternal deaths
Late MMR per
100 000 live births
Piedmont 2000–02 106 447 14 13.2
Emilia-Romagna 2001–07 262 138 41 15.6
Tuscany 2001–06 181 449 19 10.5
Lazio 2001–05 249 613 41 16.4
Sicily 2004–07 201 645 27 13.4
Total Available years 1 001 292 142 14.2
*Source: ISTAT demographic balance for live births
Donati et al.
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European rate of caesarean sections—38.4% for the year
2008—with enormous variability among geographical areas
and regions.24 According to the 2008 hospital discharge
database, the proportion of caesarean section ranged
between 27 and 32% in Piedmont, Emilia-Romagna and
Tuscany and rose to 41% in Lazio and 53% in Sicily.24
Clearly, a considerable proportion of caesarean deliveries in
Italy are for nonclinical reasons. It is therefore important
that health professionals are aware of the increased risk of
serious morbidity and mortality for women who deliver by
caesarean section for nonclinical reasons.
It is noteworthy that in Lazio and Piedmont, where
stratification by mother’s educational level was possible,
MMR among women with low educational level was twice
that among women with high educational level (RR = 1.9;
95% CI 1.1–3.6).
Apart from the absolute value of pregnancy-related mor-
tality ratios, the specific causes of death are important to
formulate prevention strategies. Data show a predominance
of direct obstetric deaths, especially in Lazio and in Sicily,
implying that emphasis on improvements of obstetric care
are needed. In the present study, the leading causes of
direct death were haemorrhage and thromboembolism, fol-
lowed by hypertensive diseases in pregnancy. All of these
causes should be preventable to a large extent and may
indicate the need for an improvement in the quality of
care. Previous studies have even proposed haemorrhage
among all causes of maternal deaths as an indicator of
appropriateness of obstetric care for emergency.17 Although
life-threatening complications are often unanticipated, there
is room for improvement in the handling of emergencies
given the level of medical skill and technology available
today.
Indirect pregnancy-related deaths identified in the study
may be an indicator of the health status of women of
reproductive age, hence implying that more attention to
preconception care is needed as well as medical care of
pregnant women with chronic conditions.
Although this study used enhanced methods for a case
ascertainment, the resulting revised statistics could still
underestimate pregnancy-related mortality. In fact, the hos-
pital discharge database identifies only women who were
hospitalised. Out of the total 118 maternal deaths which
occurred at <42 days, only six were detected by death cer-
tificates alone. Although we are not able to exclude the
possibility of other missed cases it is to be hoped that the
number is very small. The linkage may have missed women
through a mistake in the linking procedures; some women
could have died after birth occurred outside the country
and some deaths classified as ‘not pregnancy related’ might
possibly have been identified as maternal deaths if more
information had been available. Moreover, the data in the
present study are retrospective and this constitutes a limita-
tion of further case assessment to identify substandard care.
For some health issues, such as suicide but also indirect
causes of maternal death such as cardiovascular disease,
detailed information on the woman’s health status before
and during pregnancy and the circumstances of death are
needed to accurately characterise the causal link to preg-
nancy. Information from death certificates is often too
poor and information may be missing.
Nevertheless, the study is population based, the participat-
ing regions are located in the North, Centre and South of the
country and the resident women of reproductive age repre-
sent 38% of all resident Italian women aged 15–49 years.
The findings of significant underreporting of maternal
mortality indicate that improvement in its identification
and classification is needed in Italy. We strongly support
the implementation of a dedicated surveillance system to
detect incident cases. Efforts to prevent avoidable maternal
deaths should also make provision for confidential enquires
and clinical audit procedures on detected maternal near-
misses and deaths.
Conclusions
The results of our study show that comparison between
countries should not be restricted to maternal rates pub-
lished by the national offices responsible for death statistics.
Moreover, comments by Murray in reply to the Lancet
paper mainly address the appropriateness of estimates in
the parts of the world that suffer the vast majority of
maternal mortality.25 We strongly believe that pregnancy-
related mortality, as well as severe morbidity ascertainment,
remains unsatisfactory in developed countries, and that
efforts to prevent maternal avoidable deaths should be
improved as is also stressed in the Euro-Peristat report.26
This retrospective study has provided the background for
a prospective study on registration and evaluation of
maternal mortality to actively identify pregnancy-related
deaths. Intervention strategies for the prevention of mater-
nal death must consider the types of risk factors, including
those specific to the patient as well as those relating to the
health system. It is crucial to develop a ‘no blame’ culture
through confidentiality of reporting to promote full discus-
sion of the cause of maternal mortality and the details of
the clinical management, including peer review of possible
substandard care.
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